Isolations and syntheses of natural catechols are troublesome because of their high reactivity with oxygen. 7) Recently, we reported an efficient ortho-oxidation of phenols using metachlorobenzoyl peroxide (mCBPO) 8) and its applications for syntheses of optical active natural catechols, 9, 10) abietaquinone methide 11) (1), 8,11,13-totaratriene-12,13-diol (5), 12, 13) 6-deoxymaytenoquinone (6), 14) 8,11,13-totaratriene-12,13-dione (10) 14) and maytenoquinone (14) . 12, 13) There are many catechols with the similar tri-cyclic system of abietane, totarane or podocarpane skeleton. Abietane skeleton (see 1-4) has an isopropyl group at C-13 whereas totarane skeleton (see 5-11) has an isopropyl group at C-14 and podocarpane skeleton (see 12-14) has no isopropyl group (Fig. 1) . We have been interested in the implication of the isopropyl substituent on the catechol ring for the biological activities and the reactivity with oxygen. We report here the syntheses of natural abietane derivatives 15-deoxyfuerstione (3), 15, 16) taxodione (2), 17, 18) totarane derivatives dispermone (8), 13) 12,13-dihydroxy-8,11,13-totaratriene-6-one (9) 12) and podocarpane derivatives deoxynimbidiol (8, 11, 13 -podocarpatriene-12,13-diol) (12) , 19) nimbidiol (14) . 20) The antimicrobial activities against P. acnes and MRSA of compounds 1-14 depicted in Fig. 1 are also reported. Toxicity of the most potent compound 1 was evaluated by oral dose to mice.
Syntheses of Abietane Derivatives, 15-Deoxyfuerstione (3), Taxodione (2) and 11,12-Diacetoxyabieta-8,11,13-triene (4) As ferruginol (15) was obtained efficiently from the resin in bark of Cryptomeria japonica (Japanese name: sugi), 21) natural 15 could be used for syntheses of variously oxidized abietane and podocarpane catechols. Thus, the synthesis began with the oxidation of 15 with mCBPO in CH 2 Cl 2 for 20 h affording 12-hydroxy-11-(3-chlorobenzoyloxy)-abieta-8,11,13-triene (16) . The monoester 16 was reduced with lithium aluminum hydride in tetrahydrofuran (THF) under Ar to give 8,11,13-abietatriene-10,11-diol (17) in 52% yield (2 steps from 15). When this reduction was performed in air, abietaquinone methide 1 was obtained by autooxidation. 9) Diol 17 was oxidized with Ag 2 O in CH 2 Cl 2 for 40 min to give 8,12-abietadiene-11,12-dione (18) (95%) that was heated under reflux in CHCl 3 for 70.5 h to give two isomers, 1 (63%) and 6,8,11,13-abietatetraene-10,11-diol (19) (28%). Since 19 was unstable, it was oxidized immediately with Ag 2 O in CH 2 Cl 2 for 1 h to afford 6,8,12-abietatriene-11,12-dione (20) (50%) and taxodone (21) (21%). 14) Dione 20 was heated in refluxing CHCl 3 for 44 h to give an equilibrium mixture (1 : 2) of 20 and 15-deoxyfuerstione 3 which was separated by silica gel column chromatography to afford 3 in 44% isolated yield. The spectral properties of 3 were identical to those in the literature. 14) Taxodone 21 was converted to taxodione 2 via 6-oxo-8,11,13-abietatriene-10,11-diol (22) according to the reported procedures. 17) Treatment of 17 with acetic anhydride-pyridine for 5 h under Ar gave 11,12-diacetoxyabieta-8,11,13-triene 4 (95%).
Syntheses of Totarane Derivatives, Dispermone (8), 12,13-Dihydroxy-8,11,13-totaratriene-6-one (9) and 12,13-Diacetoxy-8,11,13-totaratriene (11) As totarol (23) was obtained easily from Thujopsis dolabrata (Japanese name: hiba), 22) we could use 23 for the syntheses of highly oxidized totaranes (8, 9, 11) (Chart 2). Synthesis of 8,11,13-totaratriene-12,13-diol 5 from 23 was described in the previous report.
10) The diol 5 was stable in air whereas 17 is easily oxidized to abietaquinone methide 1 in air. We synthesized dispermone 8 from 5.
12) Esterification of 5 with acetic anhydride in pyridine at ambient temperature for 2.5 h gave 12,13-diacetoxy-8,11,13-totaratriene 11 (99%). Diacetate 11 was oxidized with CrO 3 in acetic acid at ambient temperature for 8 h to afford dispermone diacetate (24) (69%). Hydrolysis of 24 in aqueous 1 M NaOH and THF at ambient temperature for 10 h gave 8 (58%). The spectral properties of 8 were identical to those in the literatures. 13, 23) 12,13-Dihydroxy-8,11,13-totaratriene-6-one 13) 9 was synthesized from 5 as follows. Oxidation of 5 with Ag 2 O gave a mixture of 6-deoxymaytenoquinone 6 and 8(14),9(11)-totaradiene-12,13-dione (25) as reported in the literature.
14) The ratio of the produced isomers (6, 25) was changeable (0 : 100-1 : 7) according to the reaction time. The mixture (1 : 15) was oxidized on silica gel in air to produce the equilibrium mixture of 6-deoxymaytenoquinone 6, 25 and 6,13-dihydroxy-12-oxo-7,9(11),13-totaratriene (26) in a ratio of 5 : 2 : 2. The hydroxy quinone methide 26 was treated with 12 M HCl in methanol to give 9 quantitatively.
13)
Syntheses of Podocarpane Derivatives, Deoxynimbidiol (12), 8,11,13-Podocarpatriene-11,12-diol (13) and Nimbidiol (14) Isopropyl group of abietane skeleton is known to be removed via ipso-substitution with acetyl group, followed by Baeyer-Villger reaction to give podocarpane skeleton. 24) We thus synthesized highly oxidized podocarpanes (12-14) from 15. Ferruginol 15 was heated with iodomethane and potassium t-butoxide in refluxing butanol for 11 h under Ar to give ferruginol methyl ether (27) (82%). Methyl ether 27 was treated with acetyl chloride and aluminum chloride in dichloromethane at 0°C to ambient temperature for 11 h to give 12-methoxy-8,11,13-podocarpanetriene-13-yl methyl ketone (28) (73%). BaeyerVillger reaction of methyl ketone 28 with m-chloroperbenzoic acid and p-toluenesulfonic acid generated 12-methoxy-8,11,13-podocarpanetriene-13-yl acetate (29) whose acetoxyl group was easily hydrolyzed under the reaction conditions, giving 12-methoxy-8,11,13-podocarpanetriene-13-ol (30) as a major product after the longer reaction time, 14 h (80%).
Deoxynimbidiol 12 was synthesized from methyl ether 30. Methyl ether 30 was treated with boron tribromide in dichloromethane at 5°C and gave two catechols, deoxynimbidiol 12 and 8,11,13-podocarpatriene-11,12-diol 13. The ratio of 13 increased according to the reaction time. At reaction time of 21 h, 89% of 12 and 10% of 13 were obtained, whereas at reaction time of 36 h, 77% of 12 and 22% of 13 were obtained. The diol 13 could be formed by skeletal rearrangement of 12 via cations A, B, C. Both of the catechols 12 and 13 are more stable than 17 under air. Since catechols 12 and 13 was decomposed under the reaction conditions with Ag 2 O, the quinone or the quinone methide with podocarpane skeleton could not be synthesized.
Nimbidiol 14 was synthesized from 30. 12,13-Dimethoxy-8,11,13-podocarpanetriene (31) was prepared from 30 by the similar procedures in the case of methylation of 15 (72%). Oxidation of dimethyl ether 31 with CrO 3 in acetic acid at ambient temperature for 8 h gave nimbidiol dimethyl ether (32) (67%). Deprotection of the methyl ether 32 was per-formed with BBr 3 in dichloromethane at 5°C for 28.5 h to give 14 in quantitative yield. The spectral properties of 14 were identical to those in the literature.
20)
Biological Activities Minimum inhibitory concentration (MIC [mg/ml]) of four abietane compounds, seven totarane compounds and three podocarpane compounds were evaluated against P. acnes (ATCC 6919) and S. aureus (ME/GM/TC) Resistant (ATCC33592) (MRSA) ( Table 1 , Fig. 1 ). The MIC of well-known antibiotics, ampicillin and vancomycin, were measured as the reference compounds against P. acnes (ATCC 6919) and MRSA, respectively. Abietane derivatives (1-4) and totarane derivatives (5-10) showed potent or moderate antibacterial activities against both bacteria MRSA and P. acnes, whereas podocarpane catechols (12) (13) (14) showed moderate activities. The MIC (1 mg/ml) of abietaquinone methide (1) and 8,11,13-totaratriene-12,13-diol (5) are comparable to Vancomycin against S. aureus (MRSA). Diacetate of the catechols with abietane (4) and totarane (11) showed less antibacterial activities than the other catechol derivatives.
Toxicity of 1 was evaluated by oral dose to mice. No serious change of mice was observed about the body weight and general indications for 7 d after the oral dose of 1000-2000 mg/kg of 1.
In conclusion, five catechols, 8, 9, 12-14 and two quinone methide, 2, 3 and two catechol diesters 4 and 11 were synthesized via ortho-oxidation of phenol by efficient oxidation with mCBPO. These efficient syntheses of catechols can contribute for the further biological research of catechols. Antibacterial activities of 14 compounds were measured against MRSA and P. acnes. Among them, abietaquinone methide (1) and 8,11,13-totaratriene-12,13-diol (5) showed potent activity against both S. aureus (MRSA) and P. acnes and 1 showed no serious toxicity by oral dose to mice. In this research, ferruginol 15, the major constituent in the resin of bark of Cryptomeria japonica (Japanese name: sugi), and totarol 23, the major constituent in leaves of Thujopsis dolabrata (Japanese name: hiba) were used as the readily available starting materials for the syntheses. The effective use of these natural resources will contribute for the preservation of the Japanese forest.
Experimental
General Procedures NMR spectra were measured on JEOL alpha-600 ( C: 100 MHz) spectrometer in CDCl 3 using tetramethylsilane as an internal standard (J-values in Hz). IR spectra were measured on a JEOL JIR-WINSPEC 50 infrared spectrometer. Mass spectra were recorded on a JEOL JMS-SX102A spectrometer. mp were measured on a MEL-TEMP (Laboratory Device) and were uncorrected. TLC was carried out on Silica gel 60 (0.25 mm thickness) with fluorescent indicator (Macherey-Nagel). Silica gel (6 nm, BW-127ZH, Fuji Silysia Chemical Ltd.) was used for column chromatography.
Isolation of Ferruginol (15)
The resin of Cryptomeria japonica (Japanese name: sugi) was collected in the Fuchu campus of Tokyo University of Agriculture and Technology. The resin (450 mg) was extracted with ethyl acetate (EtOAc) and evaporated. The residue was dissolved in MeOH (10 ml), and the resulting solution was stirred with 5%-Pd/C for 3 d under H 2 . The reaction mixture was filtered through a pad of Celite and the filtrate was concentrated. The residue was chromatographed on silica gel with hexane-EtOAc (5 : 1) to give 15 (135 mg, about 30% from the resin) as yellow solids: 54 (2H, m), 1.49 (1H, m), 1.34-1.20 (2H, m) 1.12  (3H,s), 1.10 (3H, s), 1.01 (3H, s), 1.00 (3H, s) , 0.98 (3H, s); 13 11,12-Diacetoxyabieta-8,11,13-triene (4) Diol 17 (96.9 mg, 0.320 mmol) was dissolved in pyridine (1 ml) and Ac 2 O (0.5 ml) and the solution was stirred for 5 h under Ar. The reaction was quenched with 1 M HCl and the whole was extracted with EtOAc. The organic layer was washed with 1 M HCl, saturated aqueous NaHCO 3 , brine, dried over MgSO 4 12,13-Diacetoxytotara-8,11,13-trien-7-one (24) To a solution of 11 (136.8 mg, 0.354 mmol) in CH 3 CO 2 H (3 ml), CrO 3 (106.6 mg, 1.07 mmol) was added and the mixture was stirred for 8 h under Ar. The reaction was quenched with water and the mixture was extracted with EtOAc. The organic layer was washed with aqueous NaHCO 3 , brine, dried over MgSO 4 , and concentrated. The residue was chromatographed on silica gel with hexane-EtOAc (3 : 1) to give 24 (97.4 mg, 69%) as colorless crystals, 2804, 2723, 2675, 2602, 2549, 2465, 1614, 1578, 1497, 1448, 1373, 1286,  1236, 1174, 1093, 1009, 866 12-Methoxyabieta-8,11,13-triene (27) To a solution of 15 (550.9 mg, 1.92 mmol) in t-BuOH (8 ml), t-BuOK (308.2 mg, 2.75 mmol) was added. After stirring for 10 min under Ar, CH 3 I (0.5 ml, 8.03 mmol) was added to the mixture and the mixture was stirred at ambient temperature for 20 min and then refluxed for 2 h under Ar. To the mixture, t-BuOK (66.9 mg, 0.596 mmol) was added with ice-cooling. After stirring for 20 min at ambient temperature under Ar, CH 3 I (0.3 ml, 4.82 mmol) was added to the mixture again. The mixture was stirred for further 20 min at ambient temperature under Ar, and then the mixture was refluxed for 11 h. The formed precepitates were filtered and washed with hexane, and the combined filtrate was concentrated under vacuo. The residue was acidified with 1 M HCl and the mixture was extracted with hexane. The organic layer was washed with water, aq. Na 2 7-Deoxynimbidiol (12) and Podocarpa-8,11,13-triene-11,12-diol (13) Methoxyphenol 30 (119.3 mg, 0.435 mmol) was dissolved in dry CH 2 Cl 2 (5 ml) and then a solution of BBr 3 (0.6 ml, 6.35 mmol) in CH 2 Cl 2 was added to the solution with cooling in ice bath. The solution was stirred for 21 h at 5°C under Ar. The reaction was quenched with methanol and water. The whole was extracted with EtOAc and the organic layer was washed with brine, dried over MgSO 4 , and concentrated. The residue was chromatographed on silica gel with hexane-EtOAc (5 : 1) to give 12 (101.2 mg, 89%) and 13 (11.6 mg, 10%). 7-Deoxynimbidiol (12) 
C-NMR
(CDCl 3 , 100 MHz) d: 181.95, 181.86, 147.80, 141.78, 141.36, 139.34the whole was extracted with EtOAc. The organic layer was washed with brine
